Bušelić I., Stagličić N., Lloret J., Matić-Skoko S. 2015 Results. The establishment of partial reserves in both MPAs, with different regulations imposed on professional and recreational fishing has not proven successful in achieving benefits for a sedentary, relatively long-lived target species such as Phycis phycis. Results of multi-annual research indicate no significant difference in the abundance, mean size, or age of P. phycis between the fishing zones of different protection levels in either of the studied MPAs. Conclusion. In order to achieve the desired benefits for coastal fisheries resources, we recommend that partial fishing reserves are supplemented with integrated networks of no-take zones.
INTRODUCTION
The establishment of marine protected areas (MPAs), particularly those with no-take zones, is often viewed as a conflict between conservation and fishing. Partially protected areas (or partial reserves) that restrict some extractive uses, or where professional and recreational fishing are regulated in different ways, are often regarded as a balance between biodiversity conservation and socioeconomic viability (Sciberras et al. 2013) . Although MPAs with partial protection seem to bring about advantages, such as enhanced density and biomass of fish, compared to areas with no restrictions, the strongest responses occur for the areas with total exclusion of fishing activities (Sciberras et al. 2013 ). In the Mediterranean, the comparison of the effects of total and partial restrictions to fishing on rocky-reef fish assemblages was undertaken by Di Franco et al. (2009) . Nevertheless, there is a strong need for more studies to conclusively determine under which conditions partially protected areas constitute a valuable spatial management tool, particularly in areas where exclusion of all extractive activities is not a socio-economically and politically viable option. Shallow rocky habitats of Mediterranean coastal areas have been under human impact since ancient times (Sala 2004) , due to high diversity of littoral benthic communities at small spatial scales. Fishery that developed in the coastal Mediterranean is, even nowadays, mainly characterized as artisanal (Papaconstantinou and Farrugio 2000, Battaglia et al. 2010) . Artisanal fisheries are important from socio-cultural and economic point of view in the Mediterranean region (Colloca et al. 2004 ). It can be described as highly diverse in fishing gears and techniques, targeting a large variety of species in accordance with the season (Battaglia et al. 2010 , Matić-Skoko et al. 2011b .
The scale of impacts the artisanal fisheries have on the resources are not as widely investigated and recognized as for industrial fishing (Hawkins and Roberts 2004) . Generally, artisanal fisheries are considered more sustainable than large scale fisheries (Jacquet and Pauly 2008, Stobart et al. 2009) , although by now a number of studies have demonstrated that even artisanal fishing could profoundly affect the populations of target species and could have significant impacts on their reproductive potential Roberts 2004, Lloret et al. 2012) . Although restrictive regulation of fishing can induce the recovery of some coastal exploited fish populations Polunin 1991, Stobart et al. 2009 ), a question that remains unresolved is whether restricting artisanal fisheries is enough for a fish population to fully recover. We are exploring this issue in the presently reported study by assessing the frequency of catch, length, and age of the captured forkbeard, Phycis phycis (Linnaeus, 1766). Significant increase of the stated variables should be considered as beneficial.
Mediterranean MPAs have indeed provided options for excellent case studies since the artisanal fisheries have been partly restricted in the majority of them. Usually total restrictions were not imposed due to socio-economic reasons (Francour et al. 2001) . In this paper we would like to compare the effects of restricted artisanal fisheries in two Mediterranean MPAs-Cap de Creus (Spain) and Lastovo (Croatia), where partially protected zones exist (i.e., areas where industrial fishing has been excluded while artisanal and sport/recreational fishing activities are restricted). Our focus species was the forkbeard, Phycis phycis. Specific type, quantity, characteristics, and temporal and spatial restrictions of fishing gear that can be used in the MPAs when performing artisanal, either commercial or subsistence, and recreational fishing are defined for both MPAs. The forkbeard, P. phycis, is a widely distributed and abundant species throughout Mediterranean rocky coastal communities (Cohen et al. 1990 , Costa Abecasis et al. 2009 ) and highly targeted by artisanal fisheries (Farjallah et al. 2006 , Matić-Skoko et al. 2011b , Lloret and Font 2013 . However, in spite of its relatively broad geographic distribution and high economic value, the life history of the forkbeard is poorly known. It inhabits rocky bottoms and trawling grounds up to 370 m depth, although usually between 20 to 70 m with preference of larger individuals for sandy and muddy bottoms in deeper areas (Pallaoro and Jardas 2002) . Age estimation revealed the maximum age of 18 years reported for Azorean archipelago (Costa Abecasis et al. 2009 ) implying that P. phycis is relatively slow growing and long lived species. Different population size structure and absence of larger individuals in the different geographic areas could be the result of their natural scarceness in the populations but also a direct consequence of a high fishing pressure or gear selectivity. As a predator active by night (Morato et al. 1999 ) the investigated gadiform is in particular very vulnerable to capture by trammel nets (Goñi et al. 2008) . Therefore, P. phycis is a good candidate for evaluating the potential benefits of partial protection through restricting artisanal fisheries in the Mediterranean MPAs for target species. In this study, we measured the length and determined the age of individuals as presumptive indicators of fishing effects on target fish populations. At a population level, the removal of larger fish may be reflected in changes in mean length (age) or weight. Artisanal fishing particularly targets larger fish modifying the size structure and functioning of fish assemblages, with consequences for the reproductive potential of many stocks . Therefore, size of organisms is a central factor to key ecological processes, and differences in size distributions may provide a relevant integration of the effects of fisheries on community structure (Shin et al. 2005) .
MATERIAL AND METHODS
Study sites. The study was conducted at two differently regulated MPAs of the Mediterranean Sea (Cap de Creus in Spain and Lastovo Islands in Croatia), where artisanal fishing is of considerable importance to the local community. In both MPAs industrial fishing (trawling and purseseining) is completely prohibited while for artisanal fishing there are partial reserves where professional, subsistence and recreational fishing are regulated in different ways. The MPA of Cap de Creus is situated in the northwestern Mediterranean, partially comprising of the rocky coast of the eastern Pyrenees in Catalonia (Fig. 1) . It was established in 1998 over the area of 30 km 2 of sea divided in three different types of protection Riera 2008, Lloret et al. 2012) : park zones, partial reserve zones, and integral reserve. In park zones and partial reserve artisanal fishing is allowed. Additionally, partial zones of Cap de Creus MPAs prohibit spear fishing. Integral reserve offers the highest protection with all forms of fishing forbidden. Artisanal fishing in Cap de Creus is carried out in small boats (usually less than 8 m in length), typically manned by a single fisherman and mainly operating on rocky bottoms of the park zones and partial reserves (Gómez et al. 2006) . Fishing grounds within the waters of the MPA of Cap de Creus are exploited on regular to occasional basis by fishermen from four nearby coastal towns where all together in 2010 there were 12 boats registered in the fishermen's guilds. The forkbeard, Phycis phycis, is one of the principal species being caught by both professional and recreational (spear) fishers in the park zones of the MPA of Cape Creus, thus depicting the competition between spear and artisanal fishers for this species in these zones (Lloret and Font 2013) . However, landings data on P. phycis are not available because they are mixed with landings data on another species of the same genus, such as the greater forkbeard Phycis blennoides (Brünnich, 1768) .
The MPA of Lastovo Islands is situated in south-eastern part of the Adriatic Sea and it is the youngest Croatian MPA existing since 2006, covering an area of 143 km 2 of the sea surface ( Fig. 1) . Its fishing protocol, declared in 2010, subdivided the MPA in 4 fishing zones which are to be successively used in pairs with a temporal rotation of three years. In the zones opened for fishing only 45 artisanal fishing permits are issued, imposing also restrictions on the type and quantity of allowed fishing gear compared to national legislation. Closed fishing zones prohibit any kind of artisanal com-mercial fishing activities, while fishing exclusively for subsistence and recreational purposes is allowed with much more severe restrictions regarding the type and quantity of fishing gear (e.g., only up to 200 m of few types of gillnets and hook and line tools), setting also a maximum allowable daily catch limit at 5 kg. Data collection. Onboard sampling was performed in collaboration with artisanal fishermen in the MPA of Cap de Creus in a period from January 2008 to December 2011 in the partial reserve and park zones. Established fishermen self-sampling programme is a result of training three artisanal fishers that were equipped and paid to provide information about their fisheries, including length-frequency measurements. Additional details of the sampling scheme are given in Lloret et al. (2012) . In order to obtain comprehensive information on forkbeard, this study considered only trammel net catches, since these nets constitute the most frequently used fishing gear in the MPA of Cap de Creus (43% of the total fishing sets) and are responsible for majority of caught forkbeard, Phycis phycis, according to fishermen self-sampling programme (98.7%). The sampling depth ranged between 5 and 110 m (28.5 m on average), the mesh size of the inner panel ranged between 45 mm and 110 mm, whereas the mesh size of the outer layer varied between 400 and 590 mm. The size of all individuals was measured.
The monitoring of the state of fisheries resources in the MPA of Lastovo Islands started in 2010. It took four years after formal MPA proclamation, to develop and put in force the fishing protocol once the ranger service and logistics needed (e.g., speed boats) were all set. For last three years this investigation is aimed to assess the effectiveness of the proclaimed fisheries management in terms of ensuring the sustainability of fishing. The sampling always took place at the end of May or beginning of June, and lasted for approximately 10 days. Littoral fisheries resources were sampled by experimental trammel net fishing applying a structured hierarchical (five factors: year, protection, fishing zone, location, and site) experimental design. The sampling was conducted in collaboration with Public institution responsible for managing the MPA and local licensed artisanal fishermen. Four sampling locations, at a distance of approximately 10 to 15 km, were surveyed each year in each of the fishing zones. At each location 2 sites were randomly chosen (separated by 2 to 5 km) where fish were sampled using sets of trammel nets of the same construction and technical features which were operated in the same manner. Five, tied together, 1.8 m high and 100 m long 'poponica' trammel nets with inner layer mesh size of 28 mm and 150 mm mesh size of outer layers were set in the evening before sunset and retrieved in the morning after sunrise. In order to reduce any kind of variation that is not produced by different fishing regime, the trammel nets were always set at depths approximating 35 m, and on similar bottoms. Catches in each of the 100 m trammel net sections were taken as replicates and the data extracted from this study were length and weight of every recorded specimen of forkbeard, in order to be compared with the data from Cap de Creus.
Ages of the specimens from both MPAs were estimated from the length frequencies using the von Bertalanffy equation obtained in Elafiti Islands (Adriatic Sea) (Matić-Skoko et al. 2011a), which combined data for both sexes:
where: , where L t is the length of fish at age t.
Permits from relevant national governmental bodies were obtained prior to conducting the research in the MPAs of Cap de Creus and Lastovo Islands. Due to different sampling strategies applied in both investigated MPAs, it was not possible to compare directly differences between them. While the data from Cap de Creus provide an insight through fishermen's records (onboard sampling with the fishermen), the data from Lastovo Islands were from experimental trammel net fisheries following a structured hierarchical experimental design. The comparison is aimed mostly at the effectiveness of different types of protection illustrated through variation in length of forkbeard, Phycis phycis, caught in a period of 4 and 3 years, respectively. Therefore, statistical analyses were performed separately for the two MPAs using the PRIMER 6 and Permanova + B20 package Gorley 2006, Anderson et al. 2008) , where 'Year' was considered a random factor and orthogonal to fixed factor 'Protection' (for Cap de Creus). For data from Lastovo Islands, 'Year' was considered a random factor (3 levels), 'Protection' fixed (2 levels), 'Fishing zones' as a random factor (4 levels) nested into 'Protection', 'Area' as a random factor (2 levels) nested into 'Fishing zone' and 'Station' random factor (2 levels) nested into 'Area', for each replica (100 m of net). Permanova was used despite indices being univariate, because it avoids usual normality assumptions of ANOVA, and also permitting interpretation of interaction terms within random factors (Anderson 2001) . The univariate tests used were based on Euclidean distance measure, and the P-values for the calculated F-statistics were obtained by permutation (999).
Across the years in any of the protection categories of the investigated MPAs, different number of forkbeard specimens was caught, thereby resulting in the study design being unbalanced at a replicate level. Ecological studies are often unbalanced due to uneven number of replicates taken/caught/observed under different conditions. Permanova analysis, in this regard also, provided the best approach as it has been specifically developed with such situations in mind and designed to cope well with unbalanced designs. Permanova tests were conducted with Type III sum of squares as recommended by Anderson et al. (2008) , as this is the most conservative and widely accepted approach to managing unbalanced designs.
In order to test whether differences exist in the number of forkbeard caught under different protection levels of two MPAs across the years of investigation, chi-square tests of independence were performed in SPSS v. 19 statistical package. We were particularly interested in seeing whether the higher protection level in investigated MPAs has resulted in there being more large fish. Therefore, the distribution of forkbeard frequencies was tested taking into account the size of caught fish. All forkbeard specimens were classified in either a 'small' or 'large' size category depending on whether the specimens' length was smaller or larger than 1/2 of the maximum attainable size reported (66 cm; Jardas 1996).
RESULTS
A total of 381 individuals of forkbeard, Phycis phycis, were measured from Cap de Creus between 2008 and 2011.
Number of specimens collected in each zone is given in Table 1 . Data for Lastovo Islands covering the total of 739 forkbeard specimens, collected between 2010 and 2012, is also shown in Table 1 . Large forkbeard (≥ 1/2 max. attainable size) were generally less abundant in the catches than small ones (overall 146 large vs. 235 small in Cap de Creus; 167 large vs. 572 small in Lastovo Islands). No significant differences were determined in the frequency of large, adult forkbeard across protection levels or years of investigation in either of the two MPAs (Cap de Creus: χ 2 = 4.46; df = 3; P = 0.22; Lastovo Islands: χ 2 = 0.24; df = 2; P = 0.89). In Lastovo Islands also smaller forkbeard were equally frequent in all the catches regardless of the protection level or year of investigation (χ 2 = 0.001; df = 2; P = 1.00), while in Cap de Creus significant differences exist (χ 2 = 19.11; df = 3; P < 0.001) largely owing to year 2010 when lower numbers of forkbeard were generally caught, but significantly less than expected for smaller sized forkbeards in the partial reserve zone.
Although mesh sizes between the two investigated MPAs differed greatly, the structure of the length distribution appeared to be very similar (Fig. 2) . Mean length of the specimens from the MPA of Cap de Creus (31.35 ± 8.42) is slightly higher than mean length of the specimens from the MPA of Lastovo Islands (29.43 ± 5.39), which could be explained by greater mesh size in the MPA of Cap de Creus, hence aimed at bigger sized part of the population. Even though the mesh size was greater in the MPA of Cap de Creus, recorded maximal length was in the same length class as in the MPA of Lastovo Islands.
Similar pattern in length distribution could also be seen in age distribution between two investigated sites (Fig. 3) . Slightly higher mean age appeared in Cap de Creus (3.08 ± 1.43) compared to Lastovo Islands (2.66 ± 0.86), even though specimens belonging to age class of three years were dominantly more present in Lastovo Islands. Considering that the mesh size is larger and aimed at larger and older specimens, it is interesting that the youngest specimens (ages 1 and 2) were relatively more apparent in Cap de Creus than Lastovo Islands.
Results showed that there is no significant difference in mean length between park zones and partial reserve zones in the MPA of Cap de Creus (Table 2) . Also, statistical analyses showed that there is no difference in length of the specimens between zones and years (Table 2) in the MPA of Lastovo Islands. In conclusion, besides effects of natural spatio-temporal variability, none other that could be attributed to protection were found to be significant at either of the investigated MPAs.
DISCUSSION
In general, our results provide evidence that partial reserves do not always provide the desired benefits for target fish populations, at least not clearly visible in a relatively short period of time and on selected fish species. Since there is no significant difference either in the frequency of catches or the mean length of catches of target species-the forkbeard, Phycis phycis-between park zones and partial reserve zones in the MPA of Cap de Creus (even considering that in the partial reserves there is no additional fishing pressure from spear fishing in comparison with the park zones), our results indicate that the system of partial reserves in Cap de Creus should be reconsidered, probably allowing the expansion of the non-take zone and/or introducing additional fishing restrictions in the partial reserves for artisanal fisheries.
The results of our study support the need to improve the management in partial reserves and quantitatively assess pressure of both professional (artisanal) and recreational fishing operating within and adjacent to MPAs (Di Franco et al. 2009 , Sciberras et al. 2013 , Tzanatos et al. 2013 .
Also, since no difference in number, length, or weight of the forkbeard specimens caught between zones and years resulted as outcome of the three-year research conEffect of artisanal fisheries restrictions on target species 35 The weight for specimens from MPA Cap de Creus was not measured; Length and weight values are mean ± standard deviation; N = number of fish. Total length of caught fish was measured to the nearest 0.1 cm and total body weight to the nearest 0.1 g. ducted in the MPA of Lastovo Islands, the park management should consider finding a more effective mode of fishing regulation. The forkbeard, Phycis phycis, is a relatively long-lived species, so it is possible that the investigated period was too short to detect effects of protection. Rotational type of fishing regulation within the MPA of Lastovo Islands represents one of the few examples worldwide, noted in literature before only on island Oahu, Hawaii in 1978 (Williams et al. 2006) . Long term surveillance (over 2 decades) revealed this type of management was not effective in terms of resource preservation and sustainable fishing. The only part of the Hawaiian MPA that showed progress and positive trend in resources was the one proclaimed a no-take zone in 1988. Nevertheless, from sociological point of view it was advised to maintain fishing regulation within the MPA of Lastovo Islands at least until 2013, when first rotation occurred. What is needed now, would be to continue monitoring the state of resources and check with local population and fishermen whether they are opened for new suggestions and protection alterations. More than a several examples confirmed that it takes five years or more to achieve significant effects of protection, namely in no-take zones, on coastal resources (Guidetti et al. 2010 , Aburto-Oropeza et al. 2011 . García-Rubies et al. (2013) confirm that fish populations may require decadal time scales to recover from exploitation, both in terms of total abundance and total biomass and that rates of recovery differ between species. However, even with total exclusion of fishing effort, depleted stocks sometimes show little or no recovery over a long time period. Takashina and Mougi (2014) found that MPAs can have either a positive effect or almost no effect on the recovery of depleted fishing stocks, depending on the fish migration patterns and the fishing policies. MPAs also reinforce ecological resilience, particularly for migratory species. In contrast to previous reports, their results show that MPAs have small or sometimes negative effects on the recovery of sedentary species. Also, unsuitable MPA planning might result in low effectiveness or even deterioration of the existing condition.
The benefits of protection for sedentary, relatively long lived target species such as forkbeard, Phycis phycis, in MPAs of Cap de Creus and Lastovo Islands are likely impaired by artisanal fishing that takes place throughout the investigated zones. Furthermore, recreational fishing is freely allowed in both of the investigated MPAs and park managers should consider additional limitations. In a French MPA, Cadiou et al. (2009) demonstrated that progressively banning recreational fishing has also made restrictions on commercial fishing more acceptable in social terms. For any MPA to be effective and supported by the local community compatibility between conservation of the environment and the maintenance of commercially viable and sustainable fishing, within the context of the consultation process, is necessary. Further on, when studies suggest that MPA may not positively influence the fish productivity or recovery, extenuating factors such as insufficient time since MPA creation, poor or lack of enforcement, inadequate design, and poorly defined management objectives are generally blamed rather than failure of the MPA concept (Grüss et al. 2014 ). However, we often forget that not all species are equally vulnerable to fishing effort, nor all species recover with the same speed. The vision should also promote the recovery of ecosystems and rebuilding of marine commercial stocks and predator species. A growing number of scientific evidence suggests numerous advantages of establishing networks of no-take zones over partially protected areas (Lester and Halpern 2008) , due to its greater ecological as well as fisheries benefits. In the Mediterranean, no-take zones represent less than 0.1% of the surface and rarely exceed 10% of the total size of the MPAs (Abdulla et al. 2008 , Font et al. 2012 . Nevertheless, such redirection requires balanced ecological, socio-economical, and political aspects, which in highly populated Mediterranean coastal area imply participatory approach including all stakeholders.
Overall, our results indicate the necessity of favouring the establishment or enlargement of no-take areas and rethinking the role of partially protected areas. Although these partial reserves can be a valuable spatial management tool in areas such as Cap de Creus and Lastovo where exclusion of all extractive activities is a difficult socio-economically and politically viable option, they will probably not become an effective option for conservation of fish stocks until the adequate additional artisanal and recreational fishing restrictions are implemented.
